In 2005, Connecticut's Regional Center for Next Generation Manufacturing (RCNGM) surveyed companies representing a cross section of the laser manufacturing industry in New England. A technician competency profile was created as a result of a detailed job skills survey and intensive personal interviews with company personnel. Three Rivers Community College subsequently developed a Laser Manufacturing Option to the Manufacturing Engineering Technology A.S. degree based on the competency profile, with new and revised courses featuring an emphasis on interdisciplinary skills and knowledge across several disciplines.
Although COT was originally charged with developing 2+2 pathways from the community colleges to four-year university programs, the Technological Studies pathway in particular quickly became the practical choice for creating new programs to meet technical workforce needs. Unlike a full Associate degree program that can take years to be approved, elective options to the Technological Studies degree can be implemented in a matter of months, allowing Connecticut's Community Colleges to respond quickly to changing industry needs.
Beginning in 2001, COT and CBIA received two grants from the Advanced Technology Education (ATE) project of the National Science Foundation (NSF) to develop curriculum in cutting edge technologies and to provide faculty professional development, in large part through paid externships at local companies. Teachers from high schools and community colleges who completed industry externships created new work-based curriculum that was shared statewide through the COT's virtual network.
The creation of the Regional Center for Next Generation Manufacturing was, then, the next logical step to address the critical need for a workforce educated for the new manufacturing environment. The Center was funded by the National Science Foundation's ATE program in 2004, and its goals are: to develop programs in new technology areas with input from industry; to prepare faculty to implement industry-driven, next generation manufacturing coursework and laboratories; to make young people aware of opportunities in the new manufacturing workplace; and to increase collaboration between schools and manufacturers.
Around the same time (2005), the newly formed Connecticut Center for Advanced Technology (CCAT) received funding from the U.S. Air Force Office of Scientific Research/ National Aerospace Leadership Initiative to develop a Laser Applications Laboratory to conduct applied research on laser materials processing for military and commercial products. With so much research and development activity directed at laser material processing, it was natural that the RCNGM begin the process of developing a laser manufacturing curriculum for Connecticut's Community Colleges.
Developing an industry-driven laser manufacturing curriculum
The first step in developing an industry-driven curriculum was to determine the educational and skills outcomes necessary for new employees of the laser industry. Rather than request a large number of companies fill out a simple check-off list, we decided to conduct in-depth interviews with a small number of companies. This allowed follow up questions to clarify or expand upon survey items, and the company representatives were able to bring up competencies we had not considered in forming our survey.
During the Summer and Fall of 2005, a skills/needs assessment was conducted with nine laser companies using a modified DACUM ("Developing a Curriculum") approach. The selected companies represented a cross sectional sample of the laser manufacturing industry in the New England region involved in the manufacturing, use, and/or system integration of lasers (OEMs). Springfield, MA CT Center for Advanced Technology East Hartford, CT Representatives from each company, including engineers, technicians and managers, responded to a DACUM survey, personal interviews, telephone interviews, or a combination of these, in which they were asked to provide detailed information describing job functions, tasks and duties deemed critical for a laser technician at their particular company. Anecdotal data was also compiled with regard to ancillary tasks and duties required of laser manufacturing technicians at each company in an effort to provide depth and breadth to the survey data. Sample job descriptions from companies that were hiring at the time were also collected. Survey data, interview data, and job descriptions were examined for common core competencies as well as industry-specific knowledge and skill requirements. The results were then integrated into a draft Laser Manufacturing Technician Competency Profile, in which critical job duties and tasks are tabulated; and a draft Laser Manufacturing Technician Competency Outline, in which detailed and measurable performance indicators (sub-tasks) for each job task were compiled. The draft Laser Manufacturing Technician Competency Profile and Outline were subsequently redistributed to each participating company for validation in which a 5-point Likert scale was used to rate the importance of each task and subtask (1 = not important; 5= very important).
In (Table 1) A course crosswalk template was also developed which provides a cross-reference linking the tasks and subtasks identified in the competency profile to the core technical courses in which those skills are to be developed as well as the exit-level proficiency for each measurable task and subtask (i.e., concept introduced, reinforced, or mastered). [4] 
Implementation at Three Rivers Community College
Three Rivers Community College in Norwich, Connecticut offers associate degrees in twelve technology and engineering technology areas, and one-or two-semester certificate programs in many of the same technologies. The college has the state's only two-year photonics program, the Associate in Science (A.S.) degree in Laser and Fiber 
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Interdisciplinary curriculum team to the rescue
The Three Rivers Technology Department began in the 1960s as a State Technical College, and for the most part, the autonomous technology programs worked together only when forced to by the college administration. In 2005, in response to low enrollments and a need to improve efficiency as the college plans to move to a new campus, the Director of Engineering Technology announced a reorganization of the department into "clusters" of several programs with similar courses and student outcomes. The manufacturing-related cluster, or the "Gang of Four" as it came to be called, included Laser and Fiber Optic Technology, and the TAC/ABET accredited Electrical, Mechanical and Manufacturing Engineering Technologies. The first project undertaken by the group was the creation of a laser manufacturing program.
Ideal world meets reality
The four program coordinators of the manufacturing-related cluster met weekly throughout the spring of 2006 to implement the RCNGM laser manufacturing program. A totally new associate degree program was out of the question; approval by the appropriate college committees, the Board of Trustees for the Community-Technical Colleges, and the State Department of Higher Education would take up to two years (or more) to obtain. There were other constraints as well, some imposed locally by the college and some by the state governing boards:
• No associate degree program may have more than 68 total credits • One third of credits must be in general education areas-math, science, humanities, social science • A fine arts course must be included, as well as two or more English communications courses • No new full-time faculty could be hired • Any new lab facilities or equipment would need to be grant funded or donated by industry.
The program coordinators decided to create a fifteen-credit elective option to the existing Manufacturing Engineering Technology program, while, at the same time, updating other courses in the program to reflect the current manufacturing workplace. This decision was not without its own constraints: only fifteen credits of an associate degree program may be changed without the approval of the Board of Trustees. The group used a combination of reformulated and/or renamed "old" courses (which needs only the approval of the college's Curriculum Committee) and a small selection of new courses to accomplish their goal. In some cases, changes will be made over two years, to keep to the fifteen-credit limit. The long-range plan is to use the basic degree structure to support additional options, for example, a Mechatronics option to build on the automated controls courses. Table 2 Much compromise was required on the part of each of the four technology programs, including eliminating some cherished traditional courses, cutting back on the number of credits for some courses, and combining similar courses previously taught in separate departments (in some cases, by assigning two faculty to "team teach" a course.) The revised degree and option reflect the enthusiastic agreement of all program coordinators involved to update and streamline courses and to create shared interdisciplinary courses wherever possible. Among the course revisions were:
• Introduction to Photonics. This was a 5 contact-hour course (3 hour class/2 hour lab) in the Laser and Fiber Optic Technology program. To fit in the new Laser Manufacturing Option, one hour was removed creating a 2 hour lecture/2 hour lab course. The new format allows the course to be taught in two 2-hour blocks, using a modified "studio physics" format. Each class block consists of a short (10-15 minute) introduction, followed by an inquiry based hands-on activity. The last ten minutes of class are used to report out to the group and present conclusions. This format has proven to be much more efficient than the traditional lecture/laboratory, and the same amount of material is covered in less time with no loss of student comprehension.
• Circuits and Systems. Previously, the introductory electric circuits sequence was a traditional DC circuits course (first semester) followed by AC circuits (second semester). The revised courses are a one-semester introduction to both DC and AC circuits, followed by a second semester of more rigorous circuit analysis. This approach has several benefits: the course now may be used as the course for non-majors in programs like Mechanical Engineering Technology, increasing class size; first semester students, often weak in math, have a semester to strengthen math skills before studying more complex electrical systems; and the revised course is a better fit to the high school electronics courses for which the college grants Tech Prep credit.
• Laser Safety, a one day seminar course, was expanded to a one-credit Laser and Lab Safety course, required of all Manufacturing and LFOT students. 
New Courses
Of course, it is impossible to create a meaningful new program option without adding new courses. In response to the RCNGM industry survey, an optoelectronics course was created as a parallel course to the standard Electronics I taken by Electrical Engineering technology students, but emphasizing applications in optoelectronics. At the same time, the content of the Laser Electronics course was changed to include more high power and RF electronics. These courses will be part of the LFOT program as well as the new Laser Manufacturing Option
Computer Controlled Laser Material Processing
The capstone course created for the program is Computer Controlled Laser Material Processing. The course covers the mechanics, components, characteristics and control of lasers used in the processing of engineering materials. Students study specific processes such as athermal processing, surface hardening, cladding, joining, cutting, marking and welding and are exposed to computer numerical control (CNC) concepts and programming. The course is taken by both Manufacturing and LFOT students, leading to an interesting mix of abilities; some students are well-versed in laser technology while others have in-depth knowledge of manufacturing processes.
To support the laboratory, the RCNGM purchased a large format 45 Watt CO2 engraver for use in the Three Rivers Manufacturing Laboratory. Students use the laser to study the effects of changing laser parameters when processing (raster engraving or vector cutting) a variety of materials. In one such experiment, students were instructed to design a procedure to methodically investigate the raster settings of speed and power for 3 types of material. Additional tests were performed at fixed speed and power settings with variations in resolution from 75 to 1200dpi, and in a third investigation, the effects of changing lens focal length and engraving with both focused and defocused lens were also studied. Students examined the materials processed by the laser by creating photomicrographs using microscopes equipped with digital cameras and image analysis software.
The investigations required students to devise a graphic to be engraved that would allow them to effectively study the parameters being changed. The test pattern was applied repeatedly with different settings of power, speed and resolution for each material and for several focal length lenses, with results organized in a matrix format. Because of the relatively low power, the laser is restricted to various types of wood and plastic, but students were still able to draw conclusions about the "best" settings for different materials. For example, they noted that high powers used with acrylic resulted in fine drops of molten plastic being sprayed onto the surface. One group reported, " An earlier attempt to engrave wood at 100% power and 10% speed made it clear that some combinations would result in fire, the byproducts of which would be fouled lenses and destroyed samples." Sequence of images from low to high speed at fixed power.
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Introduction to Lasers Hybrid Course
In Fall 2007, Introduction to Lasers will be offered as a hybrid online/onsite course. Current plans include the podcasting of Power Point based lectures, and some limited use of online computer controlled experiments. Oncampus classes will still be held for traditional day students, mainly to discuss and review the online podcasts, and most labs will be held on campus in the evening. Quite a few students who have expressed interest in taking the course are working for companies that build lasers, for example, Trumpf or IPG Photonics. Three Rivers is exploring the possibility of granting credit to such students for the laboratory portion of the course. There is ample precedent for credit for industry experience offered by technology programs at TRCC.
Marketing-Where are the students?
Despite the difficulties manufacturers are having in finding qualified employees, the perception that manufacturing has no future makes it difficult to recruit students to manufacturing programs. Along with the RCNGM, Three Rivers is embarking on a vigorous marketing program to encourage young people to explore careers in high tech manufacturing. Through a DVD produced by the RCNGM and available through online streaming video, newspaper articles, personal visits to high schools, radio interviews, and a three-day "Laser Camp" at the college, the message is, "There's a great future in Connecticut manufacturing-and it's not your grandfather's factory job any more!" Time will tell if the message is heard by prospective students and heeded.
